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(57) ABSTRACT 

The preferred embodiments of the present invention include a 
holography attachment device that is attachable to a digital 
imaging device to form a holographic microscope. The 
holography attachment device includes a chamber having at 
least one attachment mechanism to facilitate attachment of 
the chamber to a digital imaging device. The holography 
attachment device also includes a light source and a sample 
holder section, Which is located between a proximate end and 
the distal end of the chamber. The light source is con?gured to 
radiate light Within the chamber. The light passes through the 
sample holder section and impinges on an imaging sensor of 
a digital imaging device When the chamber is attached to the 
digital imaging device. The digital imaging device is capable 
of recording hologram information related to a sample held 
by the sample holder in the sample holder section. 
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HOLOGRAPHIC MICROSCOPE 

BACKGROUND OF THE INVENTION 

[0001] 1. Field of the Invention 
[0002] The present invention is related to holographic 
microscopy, and more speci?cally to a holography attach 
ment device that is attachable to a digital imaging device. 
[0003] 2. Brief Description of Related Art 
[0004] Holographic microscopy uses holographic imaging 
to overcome limitations found in other forms of microscopy. 
Holographic microscopy can be implemented using digital 
holography techniques to acquire and display three-dimen 
sional (3D) information about a sample. 
[0005] Digital holography has been brought about by rapid 
advances in digital image acquisition technology, Where 
imaging sensors, such as charge coupled devices (CCDs) and 
Complimentary Metal Oxide Semiconductor (CMOS) imag 
ing sensors, can acquire digital images With high optical 
resolution and sensitivity. Imaging applications that may use 
digital holography can include biological microscopy, ?uid 
dynamics, particle tracking, and the like. 
[0006] Holographic imaging is typically implemented as a 
tWo-step process. In the ?rst step, tWo-dimensional (2D) 
image information of one or more objects is collected via an 
imaging sensor. In the second step, the 2D imaging informa 
tion must be reconstructed using a reconstruction technique 
to produce a 3D representation of the sample. The reconstruc 
tion technique reconstructs the Wavefront at the object using 
numerical evaluation of the Kirchoff-HelmholtZ transform. 
[0007] In recent years, holographic microscopes that alloW 
users to acquire holographic images have been constructed 
using imaging components (e.g., imaging sensor and signal 
processor) and a light source spaced at a distance from, and 
con?gured to radiate light toWards, the imaging sensor. These 
units are generally expensive and can be burdensome to trans 
port and use in ?eld applications. Further, these units can only 
be used for a single application (i .e. holographic microscopy). 
As a result, a holography attachment device that is attachable 
to and compatible With stand alone digital imaging devices is 
desired. 

SUMMARY OF THE INVENTION 

[0008] The preferred embodiments of the present invention 
include a holography attachment device that can be attached 
to a digital imaging device. The digital imaging device can 
have a body and an imaging sensor disposed therein to con 
vert light into an electric charge. The holography attachment 
device is con?gured to attach to the digital imaging device, 
hold a sample, and radiate light through the sample. The light 
radiating through the sample can impinge on the imaging 
sensor When the holography attachment device is attached to 
the camera body and the imaging sensor can record a tWo 
dimensional hologram associated With the sample. 
[0009] In some embodiments, the digital imaging device 
can convert the tWo-dimensional hologram data to three 
dimensional image data using a reconstruction technique and 
can display the three-dimensional image. In other embodi 
ments, a computing device can be con?gured to receive the 
tWo-dimensional hologram data from the digital imaging 
device and to convert the tWo-dimensional hologram data to a 
three-dimensional image using a reconstruction technique. 
[0010] In the preferred embodiments, the holography 
attachment device includes a chamber and preferably a light 
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source. The chamber of the holography attachment device has 
a proximate end con?gured to attach to a digital imaging 
device, a distal end having a Wall, and a sample holder section 
located betWeen the proximate end and the distal end. The 
chamber can be con?gured to attach to digital imaging 
device, such as a single lens re?ex (SLR) digital camera, a 
digital point-and-shoot camera, or a cell phone-based digital 
camera. In some embodiments, the chamber can be attachable 
to the digital imaging device in place of a detachable lens and 
can be con?gured to attach to an SLR camera interface. The 
chamber can substantially prevent light external to the cham 
ber from entering an internal cavity of the chamber. 
[0011] The light source is con?gured to radiate light Within 
the chamber. The light source can include a light emitting 
device, such as a laser diode or light emitting diode for gen 
erating coherent or incoherent light, a single mode ?ber, and 
a light manipulating device, such as a lens, aperture, collima 
tor, or beam expander. The single mode ?ber has a proximate 
end and a distal end, the proximate end being coupled to the 
light emitting device. The light manipulating device can be 
located in the path of the light to manipulate the light by, for 
example, focusing the light. The single mode ?ber can guide 
light radiating from the laser diode to the light manipulating 
device, through Which light exiting the single mode ?ber 
passes. The light radiated in the chamber passes through the 
sample holder section and is incident on an imaging sensor of 
the digital imaging device When the chamber is attached to the 
digital imaging device. In some embodiments, the light 
source can be disposed on the distal end of the chamber so that 
the light source is inline With the imaging sensor When the 
chamber is attached to the digital imaging device. 
[0012] The sample holder section is con?gured to receive a 
sample. For example, the sample holder section can receive at 
least one of a microscope slide and a cuvette, both of Which 
can hold a sample. In some embodiments, at least one of the 
light source and the sample holder section can be adjusted 
With respect to the other to increase or decrease the distance 
betWeen the light source and the sample holder section. 
[0013] In one embodiment hologram data associated With a 
sample can be observed by attaching a holography attach 
ment device to an off-the-shelf digital camera, inserting a 
sample in the holography attachment device, radiating light 
through the sample, and recording a tWo-dimensional holo 
gram associated With the sample from the light impinging 
upon the image sensor. In some embodiments, the holography 
attachment device can be attached to the off-the-shelf digital 
camera by securing the holography attachment device to the 
off-the-shelf digital camera in place of the camera lens. In 
other embodiments, the holography attachment device can be 
attached to the off-the-shelf digital camera by securing the 
holography attachment device over a lens of the off-the-shelf 
digital camera. A three-dimensional image can be con 
structed from the tWo-dimensional hologram data, Which can 
then be rendered on a display. 
[0014] The preferred embodiments of the holography 
attachment device, as Well as other objects, features and 
advantages of the present invention Will be apparent from the 
folloWing detailed description, Which is to be read in conjunc 
tion With the accompanying draWings Wherein like reference 
numerals in the various ?gures are utiliZed to designate like 
components. The scope of the invention Will be pointed out in 
the claims. 

BRIEF DESCRIPTION OF THE DRAWINGS 

[0015] FIG. 1A is a perspective vieW of a holography 
attachment device attached to a digital imaging device in 
accordance With a preferred embodiment of the present 
invention; 



US 2009/0244667 A1 

[0016] FIG. 1B depicts a preferred embodiment of a light 
source of the holography attachment device of FIG. 1A in 
more detail; 
[0017] FIG. 1C depicts an exemplary sample holder that 
can be used With the holography attachment device of FIG. 
1A; 
[0018] FIG. 2 is a side vieW of a holography attachment 
device having a poWer source attached to a digital imaging 
device; 
[0019] FIG. 3 is a side vieW of a holography attachment 
device detached from a digital imaging device; 
[0020] FIG. 4 is a side vieW of another embodiment of a 
holography attachment device detached from a digital imag 
ing device; 
[0021] FIG. 5 is a side vieW of a holography attachment 
device suitable for use With a point-and-shoot digital camera; 
[0022] FIG. 6A is a perspective vieW of a holography 
attachment device suitable for use With a cell phone-based 
camera; 
[0023] FIG. 6B is a perspective vieW of the holography 
attachment device of FIG. 6A attached to a cell-phone having 
an embedded digital camera; 
[0024] FIG. 7 is a block diagram illustrating the operation 
of the holography attachment device and digital imaging 
device When the holography attachment device is attached to 
the digital imaging device; 
[0025] FIG. 8A depicts an illustrative hologram of a region 
acquired by a preferred embodiment of the present invention; 
and 
[0026] FIG. 8B depicts the same region reconstructed in 
several sample planes. 

DETAILED DESCRIPTION OF THE PREFERRED 
EMBODIMENTS 

[0027] The preferred embodiments of the present invention 
are directed to a holography attachment device that is attach 
able to a digital imaging device, such as a single lens re?ex 
(SLR) digital camera, a point-and-shoot digital camera, a cell 
phone based camera, and the like. The holography attachment 
device can include an attachment mechanism for securing the 
holography attachment device to the digital imaging device. 
In some embodiments, the attachment mechanism of the 
holography attachment device interfaces With an attachment 
mechanism on the digital imaging device. The holography 
attachment device, When attached to the digital imaging 
device, alloWs the digital imaging device to record tWo-di 
mensional (2D) hologram information associated With an 
object, held by the holography attachment device, via an 
imaging sensor Within the digital imaging device. The 2D 
hologram can subsequently be used to construct three-dimen 
sional (3D) images. The preferred embodiments of the 
present invention can have a lateral resolution of about 2 
micrometers or better. 

[0028] As used herein, “digital imaging device” broadly 
refers to a device that is manufactured to capture light and 
generate digital images, and includes all commercially or 
otherWise available off-the-shelf digital cameras or digital 
imaging modalities, such as SLR digital cameras, point-and 
shoot digital cameras, cell phone-based digital cameras, Web 
cams (internal or external to a computing device), digital 
cameras intrinsic to personal music devices, cameras based in 
hand held computers (e.g., personal digital assistants 
(PDAs)), and the like. 
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[0029] FIG. 1A depicts a perspective vieW of a holography 
attachment device 130 attached to a digital imaging device 
110 (hereinafter “device 110”), the implementation of Which 
being generally knoWn to those skilled in the art. FIG. 2 
depicts a side vieW of the device 110 With a poWer unit 200 
disposed thereon. In the present embodiment (FIGS. 1 and 2), 
the device 110 is a SLR digital camera that includes a camera 
body 112 With an attachment mechanism 114 that facilitates 
interfacing the device 110 With the holography attachment 
device 130. The attachment mechanism 114 can be a lens 
mount of the device 110 that can be implemented using an 
interface knoWn to those skilled in the art, such as a screW-in 
type, a bayonet type, or a frictionless lock type for securing 
various SLR lens and/or the holography attachment device 
130 thereto. The device 110 can include an imaging sensor 
116, such as a charge coupled device (CCD) sensor or a 
Complimentary Metal Oxide Semiconductor (CMOS) imag 
ing sensor, for receiving and converting light into electric 
charge. The device 110 can also include other electronic 
components knoWn to those skilled in the art for processing 
the electric charge, such as an analog-to-digital converter 
(ADC), a digital signal processor (DSP), storage, and the like. 
While the present embodiment shoWs the device 110 as a SLR 
digital camera, those skilled in the art Will recogniZe that 
other types of digital imaging devices, such as a point-and 
shoot digital camera, a cell phone camera, or other commer 
cially available off-the-shelf digital imaging modality can be 
interfaced With the holography attachment device in accor 
dance With the preferred embodiments of the present inven 
tion. 

[0030] The holography attachment device 130 preferably 
includes a chamber 132, a light source 140, a sample holder 
section 154, and an attachment mechanism 160. The chamber 
132 preferably has a cylindrical con?guration that has a sub 
stantially continuous longitudinal cylindrical surface about a 
center axis 134. A distal end 136 of the chamber 132 has a 
Wall 138. The con?guration of the holography attachment 
device 130 is preferably formed such that the holography 
attachment device 130 substantially prevents light of the sur 
rounding environment from entering the internal cavity of the 
chamber 132 When the chamber 132 is attached to the device 
110. As an alternative, the attachment need not be cylindrical 
nor have a substantial longitudinal cylindrical surface if, for 
example, the sample is inserted into the camera or imaging 
device body. 
[0031] The light source 140 (FIGS. 1A and 1B) can be 
disposed With respect to the Wall 138 so that the light source 
140 radiates light 142 through the internal cavity of the holog 
raphy attachment device 130 preferably along the center axis 
134. The light source 140 can be con?gured to generate 
coherent or incoherent light and preferably includes a light 
emitting device 144, such as a laser diode, a light emitting 
diode (LED), or the like. As used herein, “coherent” light 
refers to in phase, single Wavelength light radiation, such as 
light that is generated by a laser. For embodiments that are 
con?gured to generate incoherent light, the incoherent light 
can be incoherent monochromatic light radiation, such as 
light that is generated by an LED, Which is typically spatially 
and spectrally less coherent than laser radiation. In some 
embodiments, multiple light emitting devices operating at 
different Wavelengths can be used for improved axial resolu 
tion of phase imaging. 
[0032] The light source 140 also preferably includes a 
single mode ?ber 146, and a light manipulation device 148, 
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such as Gradient Index (GRIN) or other converging/ diverging 
lenses, a pinhole aperture, collimator, beam expander, and the 
like. In a preferred embodiment, the light manipulation 
device 148 is a GRIN lens or pinhole aperture used to focus 
the light radiating from the light emitting device 144 to a point 
from Which the light radiates in a fashion approximated by a 
spherical Wave. In an alternative embodiment, the light 
manipulating device 148 can be con?gured to produce other 
Wavefronts, such as that of a plane Wave produced by a beam 
expander. In some embodiments, the light source 140 can be 
implemented using the light emitting device 144 Without the 
single mode ?ber 146 and/or the GRIN lens 148 and a diverg 
ing lens or no lens may be used. 

[0033] The light emitting device 144 is preferably coupled 
to the single mode ?ber 146 at a proximate end 150 so that 
light from the light emitting device 144 is guided by the single 
mode ?ber 146. The light manipulating device 148, such as a 
GRIN lens, is located at a distal end 152 of the single mode 
?ber 146 such that light 142 passes through the light manipu 
lating device 148 and toWards the image sensor 116. In one 
embodiment, the light manipulating device 148 is a GRIN 
lens that is con?gured With a radially decreasing gradual 
refractive index variation so that light passing through the 
GRIN lens converges upon a focal point close to the distal end 
of the lens. The resulting Wavefront is closely approximated 
as a spherical Wavefront from the GRIN lens’ focal point 
Which illuminates the object and sensor. 

[0034] Still referring to FIGS. 1A and 2, the sample holder 
section 154 can be formed in the lateral surface of the cham 
ber 132 and can extend inWardly and across the internal cavity 
of the chamber 132 in a direction that is substantially orthogo 
nal to the center axis 134. The sample holder section 154 
alloWs objects to be placed betWeen the light source 140 and 
the imaging sensor 116 so that When the holography attach 
ment device 130 is attached to the device 110 and operating, 
the light 142 from the light source 140 preferably passes 
through and around the object so that the light impinges upon 
the imaging sensor 116, Which records 2D hologram infor 
mation related to the object. In some embodiments, the light 
source 140, the sample, and the imaging sensor 116 are place 
inline With each other so that the object and reference Wave 
traversing the same path. In these embodiments, the sample 
and the sample holder typically have a loW optical density so 
that light incident on the sample and the sample holder is not 
excessively scattered. In other embodiments, the object Wave 
and the reference Wave may not traverse the same path. 

[0035] The distance betWeen the light source 140 and the 
sample holder section 154 canbe a predetermined distance, or 
in some embodiments, the location of the sample holder 
section 154 or the light source 140 can be adjusted so that the 
sample holder section 154 or light source 140 can be moved 
closer and/ or further aWay from each other. Likewise, the 
distance betWeen the sample holder section 154 and the imag 
ing sensor 116 can be a predetermined distance or can be 
adjustable. In a preferred embodiment, a sample holder 156, 
such as a microscope slide or a cuvette, can be used to hold a 
sample 158 (eg an object) (FIG. 1C). The sample holder 156 
can be inserted into the sample holder section so that the 
sample can be positioned in the path of the light 142. 
[0036] The attachment mechanism 160 of the holography 
attachment device 130 is located at a proximate end 162 of the 
holography attachment device 130 and is con?gured to inter 
face With the attachment mechanism 114 of the device 110 so 
that the holography attachment device 130 can be secured to 
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the device 110. The preferred embodiments of the attachment 
mechanism 160 are discussed in more detail beloW. 

[0037] In some embodiments, the holography attachment 
device 130 can include a poWer source 200 disposed at the 
distal end 136 (FIG. 2). The poWer source 200 can be a battery 
(rechargeable or disposable) that can be used to poWer the 
light source 140. For embodiments that do not include the 
poWer source 200, the light source can be poWered by the 
poWer source of the device 110. The overall poWer require 
ments of the holography attachment device are minimal and 
might be supplied by a solar cell or manual generator. 
[0038] FIG. 3 depicts one embodiment of the attachment 
mechanisms 114 and 160. In the present embodiment, the 
attachment mechanisms 114 and 160 have corresponding 
threaded sections 302 and 304, respectively. To secure the 
holography attachment device 130 to the device 110, the 
holography attachment device 130 can be attached to the 
device 110 using the threaded sections 302 and 304 such that 
the attachment mechanisms 114 and 160 threadingly engage 
each other. The attachment mechanisms 114 and 160 alloW 
for interchangeability of attachment devices. For example, a 
user can have multiple camera lenses and holography attach 
ment devices suitable for connecting to the device 110. The 
user can easily remove the lens and replace it With the holog 
raphy attachment device 110 so that the digital camera is 
converted into a holographic microscope that captures 2D 
hologram information, Which can be processed to generate 
3D images. Thus, the user can have a single digital imaging 
device that can be used for multiple applications. As a result, 
the user can transform a conventional digital camera into a 
holographic microscope simply by using the holography 
attachment device 130 disclosed herein. As a result, the cost 
of holographic microscopy can be reduced and the amount of 
equipment required to perform multiple imaging applications 
can be reduced. In addition, the preferred embodiments of the 
present invention provide a loW cost route to high resolution 
microscopy Which is easily transported and applicable under 
conditions Where a conventional light microscope is imprac 
tical or impossible. 

[0039] FIG. 4 depicts another embodiment for implement 
ing corresponding attachment mechanisms 114 and 160. In 
the present embodiment, the attachment mechanism 114 of 
the device 110 can include recessed portions 402 on the sides 
of the device 110 for receiving a portion of the attachment 
mechanism 160 of the holography attachment device 130. 
The device 110 can have a body 112 that houses the electronic 
components of the device 110, Which can include those com 
ponents typically found in a digital camera, such as an imag 
ing sensor, ADC, DSP, storage, and the like. In addition, the 
device 110 can include a lens 404. The lens 404 may be a ?xed 
focal point lens, a telescoping lens, compact folded optical 
Zoom lens that is typically positioned vertically Within the 
body and that uses a prism that folds the optical path, or any 
suitable lens technology. The holography attachment device 
130 can ?t over the lens area. 

[0040] The attachment mechanism 160 can include 
extended clamping sections 406 that engage the recessed 
portions 402 of the device 110 and can lockingly secure the 
holography attachment device 130 to the device 110. The 
clamping sections 406 can include a spring mechanism that 
forces the clamping sections 406 inWard toWards the center 
axis 134 of the holography attachment device 130 such that 
the holography attachment device 130 is secured to the device 
110 by the force imposed by the spring mechanism. 
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[0041] FIG. 5 depicts another embodiment of an attach 
ment mechanism 160. In the present embodiment, the device 
110 represents a digital point-and-shoot digital camera, 
Which can be a cell phone-based digital camera, the imple 
mentation of Which is known to those skilled in the art. The 
device 110 can have a body 112 that houses the electronic 
components of the device 110, as discussed above. In addi 
tion, the device 110 can include the lens 404. The holography 
attachment device 130 can ?t over the lens area. The attach 
ment mechanism 160 can be implemented as straps 502 that 
can be fastened around the body 112 of the device. The straps 
502 can be tightened around the body 112 to securely attach 
the holography attachment device 130 to the device 110. In 
some embodiments, the straps can include Velcro®, buckles, 
tension fasteners, and the like. 
[0042] The holography attachment device 130 can also 
include a resilient member 504 at the proximate end 162 of 
the chamber 132 of the holography attachment device 130. 
The resilient member 504 preferably conforms to the perim 
eter or circumference of the chamber 132 at the proximate end 
162. The resilient member 504 can be formed from a resilient 
polymer, such as rubber. When the holography attachment 
device 130 is attached to the device 110, the resilient member 
504 can be compressed against the body 112 ofthe device 110 
as the attachment mechanism tightens around the device 110 
to ensure that the holography attachment device 130 is ?rmly 
secured to the device 110. The resilient member 504 can also 
prevent the device 110 and the holography attachment device 
130 from being damaged When the holography attachment 
device 130 is attached to the device 110. 

[0043] FIG. 6A is a perspective vieW of another embodi 
ment of a holography attachment device suitable for use With 
a cell phone-based digital camera and FIG. 6B is a perspective 
vieW of the holography attachment device attached to the cell 
phone-based digital camera. In the present embodiment, the 
device 110 is a cell phone-based digital camera, the imple 
mentation of Which is knoWn to those skilled in the art. The 
device 110 can have a body 112 that houses the electronic 
components of the device 110, as discussed above. In addi 
tion, the device 110 can include the lens, Which is embedded 
in the body 112 so that there is a lens area on the body 112 
through Which light can pass. The holography attachment 
device 130 can ?t over the lens area. The attachment mecha 
nism 160 can be implemented as, for example, clamping 
mechanisms 602 that can be clamped to the body 112 of the 
device. The clamping mechanism can include a spring 
mechanism that forces the clamping mechanisms 602 inWard 
toWards the center axis 134 of the holography attachment 
device 130 so that the holography attachment device 130 can 
be lockingly secured to the device 110 by the force imposed 
by the spring mechanism. 
[0044] FIG. 7 depicts a block diagram that illustrates the 
preferred operation of the holography attachment device 130 
and the device 110 When they are attached. A sample 702, 
such as liquid containing microorganisms, can be placed on 
or in the sample holder 156, Which can be a microscope slide 
or a cuvette and can be positioned Within the sample holder 
section 154. The light source 140 can be turned so that light 
142 radiates from the light source 140 toWards the image 
sensor 116. The sample 702 is positioned in the path of the 
light 142 so that the light 142 passes through and around the 
sample 702 before impinging upon the image sensor 116. For 
embodiments that include a lens, the light 142 passes through 
the lens before impinging upon the image sensor 116. 
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[0045] The light 142 captured by the image sensor 116 is 
converted into electric charge by a matrix of pixels on the 
image sensor 116. The electrical charge is digitiZed by the 
ADC 704 to create a digital signal that corresponds to the light 
142 that impinges upon the image sensor 116. The ADC 704 
passes the digital signal to the DSP 706 for signal processing. 
The DSP 706 can apply digital processing techniques knoWn 
to those skilled in the art. After the digital signal is processed 
it can be stored in storage 708. The display 710 can be a liquid 
crystal display (LCD) or other technologies commonly used 
by digital imaging devices to display images. The display 710 
can be used to alloW the user to contemporaneously vieW 
information pertaining to exposure of the image sensor 116 to 
the light 142. In addition, the display 710 can be used to vieW 
information stored in storage 708. 
[0046] The light 142 captured by the image sensor 116 
represents a 2D hologram that corresponds to the sample 702 
through, and around, Which the light 142 passes. To generate 
a 3D image of the sample 702, a reconstruction process on the 
2D hologram is implemented. In a preferred embodiment, 
numerical reconstruction techniques knoWn to those skilled 
in the art can be employed. 

[0047] In one embodiment, the device 110 can perform the 
reconstruction process using the DSP 706 and/or a processor 
712. To achieve this, the device 110 can be loaded With 
softWare (or ?rmWare) that can be stored in storage 708, DSP 
706, and/or the processor 712. The DSP 706 and/or the pro 
cessor 712 can generate a 3D image using the digitiZed signal 
from the ADC 704 such that the 3D reconstructed images can 
be generated at the time the image is captured or the DSP 706 
and/or the processor 712 can generate the 3D image using a 
2D hologram stored in storage 708. For embodiments Where 
the device 110 can generate the 3D image, the 3D image can 
be rendered on the display 710. 
[0048] In another embodiment, the device 110 can be con 
nected to a computing device 720 that can generate a 3D 
image using a 2D hologram provided by the device 110. The 
computing device 720 can be a mainframe, personal com 
puter (PC), laptop computer, Workstation, handheld device, 
such as a PDA, or the like. In the present embodiment, the 
computing device 720 includes a central processing unit 
(CPU) 722 and preferably a display device 724. The display 
device 724 enables the computing device 720 to communi 
cate directly With a user through a visual display. The com 
puting device 720 can further include data entry device(s) 
726, such as a keyboard, touch screen, and/or mouse. 

[0049] The computing device 720 can include storage 728 
for storing data, such as trace information, and instructions, 
such as instruction for executing traces and graphical depic 
tions of netWork con?gurations. The storage 728 can include 
such technologies as a ?oppy drive, hard drive, tape drive, 
Flash drive, optical drive, read only memory (ROM), random 
access memory (RAM), and the like. 
[0050] Applications 730, such as applications for recon 
structing a 3D image from a 2D hologram, can be resident in 
the storage 728. The storage 728 can be local or remote to the 
computing device 720 and can include a database 740, to 
Which the computing device 720 can connect via a commu 
nications netWork 750. The computing device 720 includes a 
netWork interface 732 for communicating over the netWork 
750 to retrieve or store information in the database 740. The 
CPU 722 operates to run the applications 730 in storage 728 
by performing instructions therein and storing data, such as 
3D reconstructed images, resulting from the performed 
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instructions, Which may be depicted via the display 724 or by 
other mechanisms known to those skilled in the art, such as a 
print out from a printer. 
[0051] FIGS. 8A-B are exemplary 3D images 800 that can 
be produced using the holography attachment device 130 in 
combination With the digital imaging device. FIG. 8A shoWs 
a hologram and FIG. 8B shoWs several sample planes 850 
representing several image distances from the image sensor. 
In this example, the distance betWeen the image sensor, the 
light source, and the sample holder section remains ?xed, 
While the reconstruction is performed to form images at vari 
ous object planes, such as numerical reconstruction using the 
Kirchoff-HelmholtZ transform, Which can be calculated via 
Fresnel, Fraunhofer approximations or a convolution 
approach. Additional approximations simplifying the Kir 
choff-HelmholtZ transform are possible depending on the 
experimental con?guration. A sample liquid containing 
microorganisms is held in a glass cuvette and placed in the 
sample holder section. In this example, the light source is 
formed using a laser diode With 635 nanometer Wavelength 
coupled to a single mode ?ber, Which is coupled to a Gradient 
Index (GRIN) lens, and the digital imaging device is a com 
mercially available Canon® Digital Rebel XT SLR camera. 
[0052] While the preferred embodiments illustrate using 
in-line holography (i.e. aligning the light source, sample, and 
image sensor along the same axis), those skilled in the art Will 
recogniZe that other con?gurations can be implemented, such 
as off-axis holography. In off-axis holography, reference and 
sample Waves can traverse separate paths toWards the image 
sensor. In this embodiment the geometry of the light source, 
object and image sensor may be altered. Still, the light passes 
through and around the object and is incident on the sensor. 
[0053] The preferred embodiments advantageously alloW 
users to capture holograms of samples using an off-the-shelf, 
stand-alone digital imaging device. Thus, a user can convert a 
digital imaging device into a holographic microscope so that 
the digital imaging device can be used for multiple applica 
tions (e.g., photography and holographic microscopy), Which 
provides a ?exible inexpensive solution. The preferred 
embodiments reduce the amount of equipment that a user has 
to transport When the user Wishes to perform both photogra 
phy and holographic microscopy in the ?eld. Further the 
preferred embodiments of the present invention can provide a 
lateral resolution of about 2 micrometers or better. 
[0054] Although preferred embodiments of the present 
invention have been described herein With reference to the 
accompanying draWings, it is to be understood that the inven 
tion is not limited to those precise embodiments and that 
various other changes and modi?cations may be affected 
herein by one skilled in the art Without departing from the 
scope or spirit of the invention, and that it is intended to claim 
all such changes and modi?cations that fall Within the scope 
of the invention. 

What is claimed is: 
1. A holography attachment device for a digital imaging 

device comprising: 
a chamber having a proximate end con?gured to attach to a 

digital imaging device, a distal end comprising a Wall, 
and a sample holder section located betWeen the proxi 
mate end and the distal end, the sample holder section 
being con?gured to receive a sample, the chamber being 
con?gured to receive light. 

2. The holography attachment device of claim 1, further 
comprising a light source con?gured to radiate light Within 
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the chamber, the light passing through the sample holder 
section and being incident on an imaging sensor of the digital 
imaging device When the chamber is attached to the digital 
imaging device, the digital imaging device being con?gured 
to record hologram information associated With the sample in 
the sample holder section. 

3. The holography attachment device of claim 2, Wherein 
the light source comprises: 

a light emitting device for radiating light; and 
a light manipulating device located in the path of the light 

to manipulate the light prior to the light passing through 
the sample. 

4. The holography attachment device of claim 1, Wherein 
the chamber is attachable to the digital imaging device in 
place of a detachable lens. 

5. The holography attachment device of claim 1, Wherein 
the chamber is con?gured to attach to an SLR camera inter 
face. 

6. The holography attachment device of claim 1, Wherein 
the chamber is con?gured to attach to at least one of a digital 
point-and-shoot camera or a cell phone-based camera. 

7. The holography attachment device of claim 2, Wherein 
the light emitting device generates coherent light. 

8. The holography attachment device of claim 1, Wherein 
the chamber is con?gured substantially prevent light external 
to the chamber from entering an internal cavity of the cham 
ber. 

9. The holography attachment device of claim 1, Wherein 
the sample holder section is con?gured to receive at least one 
of a microscope slide and a cuvette. 

10. The holography attachment device of claim 2, Wherein 
the light source is disposed on the distal end of the chamber so 
that the light source is inline With the imaging sensor When the 
chamber is attached to the digital imaging device. 

11. The holography attachment device of claim 1, Wherein 
at least one of the light source and the sample holder section 
can be adjusted With respect to the other to increase or 
decrease the distance betWeen the light source and the sample 
holder section. 

12. A digital imaging apparatus con?gured for digital 
holography comprising: 

a digital camera comprising a body and an imaging sensor 
disposed therein to convert light into an electric charge; 
and 

a holography attachment device con?gured to attach to the 
body, the holography attachment device con?gured to 
hold a sample and through Which light is passed, the 
light radiating through a sample and impinging on the 
imaging sensor When the holography attachment device 
is attached to the camera body, thereby enabling the 
imaging sensor to record tWo-dimensional hologram 
data associated With the sample. 

13. The digital imaging apparatus of claim 12, Wherein the 
digital camera is at least one of an SLR camera, a point-and 
shoot camera, and a cell phone-based camera. 

14. The digital imaging apparatus of claim 12, Wherein the 
digital camera converts the tWo-dimensional hologram data 
to three-dimensional image data using a reconstruction tech 
nique. 

15. The digital imaging apparatus of claim 14, Wherein the 
digital camera displays the three-dimensional image. 

16. The digital imaging apparatus of claim 12, further 
comprising a computing device, the computing device con 
?gured to receive the tWo-dimensional hologram data from 
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the digital camera and convert the tWo-dimensional hologram 
data to a three-dimensional image using a reconstruction 
technique. 

17. The digital imaging apparatus of claim 12, Wherein the 
holography attachment device comprises: 

a chamber having a proximate end con?gured to attach to a 
digital imaging device, a distal end comprising a Wall, 
and a sample holder section located betWeen the proxi 
mate end and the distal end, the sample holder section 
being con?gured to receive a sample; and 

a light source con?gured to radiate light Within the cham 
ber, the light passing through the sample holder section 
and impinging on the imaging sensor When the chamber 
is attached to the digital imaging device, thereby 
enabling the digital imaging device to record hologram 
information associated With the sample in the sample 
holder section. 

18. The digital imaging apparatus of claim 17, Wherein the 
light source comprises: 

a light emitting device to radiate light; and 
a light manipulating device located in the path of the light 

to manipulate the light prior to the light passing through 
the sample holding section. 
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19. A method of observing hologram data associated With 
a sample using a digital imaging device comprising: 

attaching a holography attachment device to the digital 
imaging device; and 

recording a tWo-dimensional hologram associated With the 
sample in response to light passing through a sample and 
impinging upon the image sensor. 

20. The method of claim 19, Wherein attaching of the 
holography attachment device comprises securing the holog 
raphy attachment device to the off-the-shelf digital camera in 
place of the lens. 

21. The method of claim 19, Wherein attaching the holog 
raphy attachment device comprises securing the holography 
attachment device over a lens of the off-the-shelf-digital cam 
era. 

22. The method of claim 19, further comprising construct 
ing a three-dimensional image from the tWo-dimensional 
hologram data. 

23. The method of claim 22, further comprising rendering 
the three-dimensional image on a display. 

* * * * * 


